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摘要 
I 
摘要 
近年来，近岸海洋生态环境面临氮磷超标、赤潮频发、重金属污染以及随之
而来的渔业减产等一系列重大问题；作为一种适应性对策，贝藻混养模式在“生
物修复”、“生态养殖”以及“多层次综合养殖”理论的指导下不仅能获取比单
养条件下更高的经济利益，还能有效的改善水质、维持生态系统的稳定性。为了
解香港巨牡蛎(Crassostrea hongkongensis)和细基江蓠(Gracilaria tenuistipitata)在
混养系统中的功能，本实验研究了 1)香港巨牡蛎对牟氏角毛藻(Chaetoceros 
muelleri)、球等鞭金藻(Isochrysis galbana)、亚心形扁藻(Platymonas subcordiformis)
滤食能力和摄食选择性。2)不同环境因子条件下香港巨牡蛎的氮磷代谢水平。3)
不同氮磷营养水平下细基江对氮、磷去除效果。4)模拟香港巨牡蛎和细基江蓠不
同混养比例，实践得出混养系统最佳配比。主要研究结果如下： 
(1)在 28 ℃水温条件下，香港巨牡蛎单位个体清滤率和单位体重清滤率分别
为 1.40~8.94 L∙ind-1∙h-1 和 0.86~3.17 L∙g-1∙h-1；浮游植物在等密度和等生物量条件
下单位个体清滤率均表现出：CR 大＞CR 中＞CR 小；不同规格单位体重清滤率相
近。相同藻类密度条件下，香港巨牡蛎的单位体重清滤率表现出：CR 亚＞CR 球＞
CR 牟；相同生物量条件下，香港巨牡蛎对三种浮游植物单位体重清滤率表现出：
CR 球＞CR 亚＞CR 牟。 
(2)香港巨牡蛎在两种不同混合藻条件下的摄食选择性有显著性差异(p＜
0.01)；相同饵料密度下，大、中、小三种规格香港巨牡蛎对亚心形扁藻的摄食选
择系数（SE）分别为 0.32、0.35、0.48，对牟氏角毛藻和球等鞭金藻的摄食无选
择性。在三种藻中，香港巨牡蛎更倾向摄食粒径较大的亚心形扁藻且贝类规格越
大选择倾向性越低。等生物量条件下，香港巨牡蛎对亚心形扁藻和球等鞭金藻的
摄食有选择性，规格大小对选择性强度影响显著(p＜0.01)，个体越小选择性越强。
小规格香港巨牡蛎倾向滤食亚心形扁藻(p＜0.01)，大、中规格倾向摄食粒径较小
的球等鞭金藻。 
(3)不同盐度和浊度对香港巨牡蛎的耗氧率、氮磷排泄率影响较明显，贝类规
格越小单位体重耗氧率、排氨率越大(p＜0.01)；香港巨牡蛎表现出在盐度 25~28、
浊度 20~40 NTU 时有最大耗氧率、氮磷排泄率。不同盐度下的最大耗氧率、排
氨率、排磷率分别为：4.3 mgO2·g-1·h-1、0.37 mg·g-1·h-1、0.054 mg·g-1·h-1；不同浊
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度下的最大耗氧率、排氨率、排磷率分别为：3.72 mgO2·g-1·h-1、0.364 mg·g-1·h-1、
0.034 mg·g-1·h-1；耗氧率、排氨率与香港巨牡蛎的软体干重的关系可分别用
RO=a1W
-b1 和 RN=a2W-b2 函数表示。盐度实验中，a1：0.90~2.41，b1：0.27~0.86；
a2：0.12~0.74，b2：0.49~0.74；浊度实验中，a1：0.75~2.67，b1：0.19~0.83，a2：
0.10~0.46，b2：0.28~0.61。 
(4)加富氮磷，能够显著促进细基江蓠的生长。细基江蓠对硝态氮、氨态氮、
活性磷的吸收均表现出三个阶段：前期的快吸收、中期的缓吸收、后期的平稳吸
收阶段。不同氮磷比条件下，N/P=16 实验组无机氮浓度越高，对氨氮、硝氮的
吸收速率越高，二者均在初始浓度为 200 mol∙L-1 时有最大吸收速率 2.1、1.59 
mol∙g-1∙h-1。硝氮、氨氮、无机磷初始浓度在 10、48、20 mol/L 有最大去除速
率常数；细基江蓠对氨氮的去除效率(92.7%±0.9%)要高于硝氮(87.9%±3.9%)，本
实验范围内，结合氮磷比对细基江蓠生长和对氮磷吸收的影响，推断细基江蓠的
最佳氮磷比在 16:1~32:1 之间。 
(5)香港巨牡蛎和细基江蓠混养的方式处理养富营养海水的效果以及养殖生
物自身生长状况均优于单养条件，其对亚硝氮、硝氮、氨态氮、活性磷去除效率：
1.67 kg∙m-3 混养组 93.9%、1.67 kg∙m-3 混养组 77.5%、4.17 kg∙m-3 混养组 89.0%、
4.17 kg∙m-3 混养组 93.1%，它们对硝氮有显著差异(p＜0.05)，且 1.67 kg∙m-3 混养
组去除效果优于 4.17 kg∙m-3 混养组。综合分析当细基江蓠和香港巨牡蛎按照
12:1(细基江蓠湿质量:香港巨牡蛎软体干质量)的比例搭配混养时，效果较理想。 
 
关键词：香港巨牡蛎；细基江蓠；混养；营养盐 
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Abstract 
In recent years, the marine ecological environment get deteriorated with a series of 
issue of nitrogen and phosphorus exceeding the standard, the frequent occurrence of 
red tide, heavy metal pollution and reduction of fishery. Based on the theories of 
Bioremediation, Ecological Culture and Integrated Multi-Trophic Aquaculture, 
Integrated culture (polyculture) pattern which works as a kind of adaptive strategies can 
not only to obtain higher economic interests but also improve water quality, maintain 
the stability of ecological system effectively than under the condition of monoculture 
pattern. For the purpose of understanding their function and roles of Crassostrea 
hongkongensis and Gracilaria tenuistipitata in Polyculture system respectively, this 
study explores the 1) The ability of C. hongkongensis controlling phytoplankton and 
selective feeding on Chaetoceros muelleri, Isochrysis galbana and Platymonas 
subcordiformis. 2) metabolism level of nitrogen and phosphorus of C. hongkongensis 
under different environmental factors. 3) the nitrogen and phosphorus removal 
efficiency of Gracilaria tenuistipitata under different nutrient levels. 4) simulating the 
polyculture system with different collocation ratio of Crassostrea hongkongensis and 
Gracilaria tenuistipitata using the lab experiments, ascertaining the optimum ratio of 
Crassostrea hongkongensis and Gracilaria tenuistipitata in Polyculture system. The 
main results are as follows: 
(1) At temperature 28℃ , the clearance rate per gram and per individual were 
0.86~3.17 L∙g-1∙h-1 and 1.40~8.94 L∙ind-1∙h-1 respectively. The clearance rate per 
individual of C. hongkongensis presented as CRL＞CRM＞CRS in the both case of same 
density and biomass of three phytoplankton, while the clearance rate per gram of C. 
hongkongensis was similar in spite of the size of C. hongkongensis. The changing 
pattern of clearance rate per individual presented as CRPlatymonas subcordiformis＞CRIsochrysis 
galbana＞CRChaetoceros muelleri in the condition of same density of three phytoplankton, 
while presented as CRIsochrysis galbana＞CRPlatymonas subcordiformis＞CRChaetoceros muelleri in the 
condition of same biomass of three phytoplankton. 
(2) Feeding selectivity of C. hongkongensis had significant difference on the 
circumstances of two different mixed-phytoplankton(p ＜ 0.01). The Selection 
Efficiency of big, medium, small size C. hongkongensis was 0.32、 0.35、 0.48 
respectivly on the condition of same density of three phytoplankton, existing no feeding 
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selectivity to Chaetoceros muelleri and Isochrysis galbana. C. hongkongensis preferred 
the large-size Platymonas subcordiformis, furthermore, feeding selectivity presented as 
SES＞SEM＞SEL. C. hongkongensis had feeding selectivity to Isochrysis galbana and 
Platymonas subcordiformis, in addition, the size of C. hongkongensis had significant 
difference in the condition of same biomass of three phytoplankton (p＜0.01). Small-
size C. hongkongensis preferred the Platymonas subcordiformis, medium-size and 
large-size more likely fed the Isochrysis galbana. 
(3) Oxygen consumption rate and ammonia excretion rate decline with the size of 
C. hongkongensis increasing(p＜0.01), which had supreme oxygen consumption rate 
and ammonia excretion rate with the salinity of 25~28, turbidity 20~40 NTU. supreme 
oxygen consumption rate, ammonia excretion rate and phosphorus excretion rate were 
4.3 mgO2·g
-1·h-1, 0.37 mg·g-1·h-1, 0.054 mg·g-1·h-1 in different salinity, 3.72 mgO2·g
-
1·h-1, 0.364 mg·g-1·h-1, 0.034 mg·g-1·h-1 in different turbidity. The relationship between 
oxygen consumption rate, ammonia excretion rate and dry tissue weight of C. 
hongkongensis can present as the formulation RO=a1W
-b1, RN=a2W
-b2. In sanility 
experiment, a1: 0.90~2.41, b1: 0.27~0.86, a2: 0.12~0.74; b2: 0.49~0.74. In tuibidity 
experiment, a1: 0.75~2.67, b1: 0.19~0.83, a2: 0.10~0.46, b2: 0.28~0.61. 
(4) Enrichment of nitrogen and phosphorus promoted the growth of Gracilaria 
tenuistipitata, uptake nitrate, ammonia, orthophosphate of Gracilaria tenuistipitata 
showed three phase. The growth of Gracilaria tenuistipitata in N/P=16 experimental 
group was in the best condition. the higher concentrations of inorganic nitrogen were, 
the higher uptake rate of ammonia, nitrate. the maximum uptake rate was 2.1 mol∙g-
1∙h-1, 1.59 mol∙g-1∙h-1 when initial concentration both was 200 mol∙L-1. Gracilaria 
tenuistipitata had the maximum removal rate constant when initial concentration of 
ammonia, nitrate, orthophosphate was 10, 48, 20 mol∙L-1. ammonia removal 
efficiency(92.7%±0.9%) of Gracilaria tenuistipitata was higher than that of 
nitrate(87.9%±3.9%). Based on the results of nutrient absorbtion of Gracilaria 
tenuistipitata, optimal N/P was between 16 and 32. 
(5) Restoration of eutrophic Waters with Polyculture Ecosystem of C. 
hongkongensis and Gracilaria tenuistipitata can obtain favorable growth condition of 
cultural creatures and well remediation effects. Removal efficiency of NO2
-, NO3
-, 
NH4
+, PO4
3- were: 93.9% (Gracilaria tenuistipitata: 1.67 kg∙m-3), 77.5% (Gracilaria 
tenuistipitata: 1.67 kg∙m-3), 89.0% (Gracilaria tenuistipitata: 4.17 kg∙m-3), 93.1% 
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(Gracilaria tenuistipitata: 4.17 kg∙m-3). Restoration results of polyculture ecosystem 
was preferable when the ratio of C. hongkongensis and Gracilaria tenuistipitata was in 
the form of 1:12. 
 
Key words: Crassostrea hongkongensis; Gracilaria tenuistipitata; Polyculture; 
Nutrients 
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